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Effect of imidazole and indomethacin on hemodynamics of the
obstructed canine kidney
PETER BALINT and KATALIN LAszLO
Institute of Physiology, Semmelweis University Medical School, Budapest, Hungary
Effect of imidazole and indomethacin on hemodynamics of the ob-
structed canine kidney. In the anesthetized dog renal blood flow (RI3F)
and its intrarenal distribution were investigated by the radioactive
microsphere technique 24 hr after bilateral (BUL) and unilateral (UUL)
ureteral ligation. In the control series indomethacin (TM) led to a
decrease in RBF with outward shifting of zonal perfusions; imidazole
(IA) did not cause significant changes in renal hemodynamics. In the
BUL series there was a sharp drop in RI3F with a proportional decrease
in outer (OC) and inner (IC) cortical perfusion; TM treatment resulted in
a further decrease in overall and zonal perfusions. IA, a selective
inhibitor of thromboxane synthetase, relieved IC vasoconstriction. In
the ligated kidney of the UUL preparations decrease in RBF was due to
OC vasoconstriction, while IC perfusion equalled controls. TM led to an
overall vasoconstriction in all cortical layers; IA did not influence either
total RBF or its distribution, It was concluded that BUL "unmasked"
TXA2 production in the IC layers, while TM treatment, by inhibiting the
production of PGE2, PGI2, and TXA2, resulted in an overall vasocon-
striction both in controls and the BUL and UUL preparations.
Effet de l'imidazole et de l'indomethacine sur I'hémodynamique du rein
de chien en obstruction. Chez Ic chien anesthésié le flux sanguin renal
(RBF) et sa distribution intrarénale ant dté étudiés par Ia technique des
microsphCres radioactives 24 hr apres ligature urétérale bilaterale
(BUL) ou unilatérale (UUL). Dans Ia sdrie contrOle, l'indomdthacine
(TM) diminuait RBF avec un deplacement des perfusions rCgionales
vers l'extérieur; I'imidazole (IA) ne modiflait pas significativement
l'hémodynamique rdnale. Dans Ia série BUL, il y avait une chute
prononcee de RBF avec une baisse proportionnelle de Ia perfusion
corticale externe (OC) et interne (IC); Ic traitement TM diminuait encore
plus les perfusions globales et regionales. IA, un inhibiteur sélectif de Ia
thromboxane synthétase, diminuait la vasoconstriction IL. Dans le rein
ligature des preparations UUL, Ia baisse de RBF était due a une
vasoconstriction OC, alors que la perfusion IC était egale a celle des
contrôles. IM entrainait une vasoconstriction globale dans toutes les
couches corticales; IA n'influencait ni RBF total, ni sa distribution. On
a conclu que BUL "demasquait" une production de TXA2 dans les
couches IC, tandis que le traitement TM, en inhibant Ia production de
PGE2, PGI,, et TXA2, entrainait une vasoconstriction globale dans les
preparations contrôles, BUL et UUL.
In previous papers we published our results concerning renal
hemodynamics before and after the release of 24-hr bilateral
(BUL) and unilateral (UUL) ureteral ligation [1, 2]; there was a
sharp drop in renal blood flow (RBF) in both preparations to
about 50% of that in the control subjects. Radioactive micro-
spheres revealed a highly significant inward shifting of the
reduced RBF in both the pre- and postrelease phases of the
UUL preparations and in the postrelease phase of the BUL
preparations; in the prerelease phase of BUL preparations,
however, the decrease of perfusion was proportional in the
outer and inner cortical, that is, juxtamedullary, zones. Indo-
methacin (TM) led to a further decrease of RBF in both
preparations, with a reshifting of the much reduced perfusion to
approximately normal values [3—5].
The modulatory role of renal prostaglandins (PGs) on renal
circulation generally is recognized [6—12]. In normal kidneys the
inhibition of PG synthesis by TM decreased total RBF with the
shifting of perfusion to the outer cortical nephrons. In the
perfused hydronephrotic kidney enhanced production of PGE2
and PGI2 (vasodilators), as well of analogs of endoperoxides
and thromboxane A2 (TXA2; vasoconstrictors) has been shown
[13—181. Thus, overall vasoconstriction in the renal vessels
could be due to the underproduction of the dilatory components
and/or the overproduction of the constrictor components of the
PG system.
TM exerts its effect through suspending the conversion of
arachidonic acid to endoperoxides by inhibiting the enzyme
cyclooxygenase; the production of both the vasodilatory
(PGE2, PGI2) and vasoconstrictor (TXA2) PGs is discontinued
[19]. In the past few years imidazole (IA) has been found to be
a selective inhibitor of thromboxane synthetase, inhibiting the
production of the vasoconstrictor TXA2, without altering the
synthesis of the vasodilatory PGs [20—221.
To differentiate the role of dilatory and constrictor activities,
we undertook observations in which RBF and its intrarenal
distribution were investigated in the prerelease phase of BUL
and UUL preparations by (1) blocking the formation of all
vasoactive PGs with IM, and by (2) inhibiting the formation of
the vasoconstrictor TXA2 with IA.
Methods
Our observations were performed on mongrel dogs of both
sexes. Two experimental and one control series of experiments
were performed.
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Experimental series. The ureters were approached through a
low midline abdominal incision under pentobarbital (0.03 g/kg)
anesthesia. In the first experimental series (BUL) both ureters,
in the second experimental series (UUL) the left ureter, were
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N 10 II 12
Blood pressure, mm Hg 130 13 NS 136 6 NS 148 3
Cardiac output, liters/mina 2.81 0.36 NS 3.08 0.22 NS 2.69 0.22
TPRb 4.00± 0.69 NS 3.70 0.25 NS 4.64 0.55
Renal blood flow, mI/mine 493 22 NS 464 37 +++ 280 22
Outer cortex, mI/mine 400 18 NS 347 28 +++ 235 17
Innercortex, mi/mine 92 6 NS 117 12 +++ 45 6
Outer cortex %d 81.3 0.8 +++ 75.0 1.1 +++ 84.7 1.5
Inner cortex %d 18.7 0.8 +++ 25.0 1,1 +++ 15.3 1.5
RVRC 2.04 0.15 NS 2.41 0.24 +++ 4.84 0.65
RF %f 10.6 0.9 NS 8.9 0.5 +++ 5.6 0.3
Symbols: +++, P < 0.001; ++, P <0.01; +, P <0.05; NS, P> 0.05; P columns, indicate the significance of comparisons between adjoining
columns.
a The values were calculated per 1 m2 BSA.
b Total peripheral resistance equals l0 dyneseccm5, per 1 m2 BSA.
The values were calculated per 100 g of kidney weight.
d The values represent the percent distribution of total blood flow to outer and inner cortex.
Renal vascular resistance is l0 dyneseccm5, per kg of kidney.
The percentages represent the renal fraction of cardiac output.
ligated supravesically. Twenty-four hours after ureteral ligation
the dogs were again anesthetized with pentobarbital. The abdo-
men and, consequently, the ureter(s) were not reopened. Cath-
eters were placed in the left ventricle via the left carotid, and
the lower aorta via the femoral artery; one femoral artery and
one femoral vein were cannulated for the measurement of
arterial pressure (mercury manometer) and the administration
of IM or IA, respectively.
Control series. Normal dogs under pentobarbital anesthesia,
without opening the abdomen and with both kidneys un-
disturbed, were used.
In all series three sets of observations were performed: (1)
untreated, that is, no drugs were administered, (2) IM-treated,
and (3) IA-treated. IM was administered intravenously: A
priming dose of 2 mg/kg was injected about 60 mm before the
microsphere injection, and a maintenance dose of 1 mg/kg was
injected every 20 mm throughout the whole experiment. IA was
also administered intravenously: a priming dose of 5 mg/kg was
injected about 60 mm before the microsphere injection, fol-
lowed by a continuous maintenance infusion of 2 mg/kg/hr [23].
The injection of microspheres was done through the left
ventricular catheter. Microspheres 15 2 sm in diameter (3M
Co., St. Paul, Minnesota, USA) labeled with '41Ce or "3Sn were
utilized. For the determination of cardiac output and RBF the
reference flow technique [24] was applied. Thereafter the ani-
mals were killed and the kidneys were removed.
Preparation of the suitable dilution of microspheres, manipu-
lation of the removed kidneys, isolation of the cortex into zones
1 through 4, and so forth, were performed as described previ-
ously [1—4]. Activity in reference blood, injected solution,
whole kidney and zonal tissue was counted in a gamma scintil-
lation counter (Radioimmunoanalyzer, Beckman Instruments
Inc., Fullerton, California, USA). The reference flow repre-
sents the withdrawal rate in milliliters per minutes. Cardiac
output (CO), RBF, and zonal blood flows (ZBF) were calcu-









cpm in kidney cpm per g tissue
where cpm represents counts per mm. By using McNay and
Abe's [25] formula slightly modified, we assumed that the
volume of zones 1 through 4 amounted to 23% (z1), 20% (z2),
17% (z3), and 14% (z4), respectively, of total renal volume; by
multiplying zonal flows (mllmin/g) with the percent of renal
volume, the absolute flow values for each zone per 100 g kidney
could be calculated.
Total RBF was calculated per 100 g of kidney. Blood flow
was calculated for the outer half of the cortex (zones 1 and 2),
designated by OC, and for the inner half of the cortex (zones 3
and 4), designated by IC. Increase and decrease in the OC/IC
ratio is regarded generally as an index of outward and inward
shifting, respectively, of intrarenal blood flow distribution.
Statistical evaluation was performed by Student's t test.
Results
The results of the untreated, IM-treated and IA-treated
controls, and BUL and UUL preparations are presented in
Tables 1 to 3.
Let us first consider the difference between the untreated
BUL and UUL preparations versus untreated controls, that is,
column 2 of Tables 2 and 3 versus column 2 of Table 1. The
differences in arterial pressure, cardiac output, and total periph-
eral resistance were not significant. Arterial pressure in the
untreated BUL group is, however, significantly higher than in
the untreated UUL group [2].
In the untreated BUL preparations RBF fell to 45% as
compared to untreated control subjects, due to enhanced renal
vascular resistance; renal fraction of cardiac output fell. All
these changes were highly significant. Outer and inner cortical
perfusion dropped to 43 and 49% of controls, that is, there was
a proportionate decrease in outer and inner cortical perfusion.
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Table 2. Effect of imidazole (IA) and indomethacin (TM) on renal hemodynamics after 24-hr bilateral ureteral ligation (BUL)( SEM)
BUL, IA-treated BUL, untreated BUL, IM-treated
(1) P (2) P (3)
N 13 7 7
BP, mm Hg 124 9 + 147 6 NS 159 12
CO, literslmina 2.64 0.23 NS 3.11 0.37 NS 2.74 0.25
TPRb 3.87 0.37 NS 4,16 0.59 NS 4.79 0.64
RBF, m1/min 269 23 NS 207 22 +++ 79 10
OC, mI/mine 169 24 NS 148 15 +++ 60 10
IC, mi/mine 100 11 ++ 57 7 +++ 19 2
Outer cortex %' 60.7 1.2 +++ 72.3 2.0 NS 73.5 3.8
Inner cortex %' 39.8 1.2 +++ 27.7 2.0 NS 26.5 3.8
RVR 3.94 0.47 + 5.87 0.75 +++ 14.19 1.05
RF% 6.8 0.9 + 4.3 0.3 +++ 2.4 0.3
For symbols and abbreviations, see Table 1.
Table 3. Effect of imidazole (TA) and indomethacin (TM) on renal hemodynamics after 24-hr unilateral ureteral ligation (UUL)
(,i SaM)
UUL, IA-treated UUL, untreated UUL, TM-treated
(1) P (2) P (3)
N 6 7 7
BP,mmHg 127 6 NS 125 8 -t--{-+ 158 6
CO, liters/mine 2.27 0.35 NS 2.64 0.12 NS 2.93 0.25
TPRb 4.93 0.67 NS 3.79 0.23 NS 4.43 0.27
Ligated kidney
RBF, mI/mine 219 54 NS 234 36 ++ 105 37
OC, mI/mine 130 39 NS 140 27 + 85 28
IC, mI/mi,t 89 17 NS 94 12 +++ 21 5
Outer cortex %" 58.4 3.8 NS 58.8 4.6 +++ 79.6 2.4
Inner cortex %d 41.6 3.8 NS 41.2 4.6 +++ 20.4 2.4
RVRC 4.83 0.87 NS 4.75 0.71 ++ 16.86 4.23
RF %1 6.9 0.8 NS 5.4 0.8 +++ 2.4 0.6
Undisturbed kidney
RBF, mI/mine 522 54 NS 506 37 +++ 328 37
OC, mi/mine 395 36 NS 364 29 + 270 27
IC, ml/min' 127 23 NS 142 15 +++ 59 11
Outer cortex %" 76.3 2.7 NS 72.1 2.5 +++ 83.9 1,9
Inner cortex %d 23.7 2.7 NS 27.9 2.5 +++ 16.1 1.9
RVRC 1.85 0.25 NS 2.02 0.19 +++ 4.14 0.60
RF %f 12.0 2.5 NS 9.9 0.8 ++ 6.0 0.3
For symbols and abbreviations, see Table 1.
The OC/IC ratio did not differ significantly from controls (72/28
vs. 75/25).
In the ligated kidney of UUL preparations, RBF fell to 50%
of the control dogs, due to a corresponding increase in renal
vascular resistance; there was a concomitant drop in the renal
fraction of cardiac output. Outer cortical perfusion fell to 40%
of the control dogs; in sharp contrast to the BUL preparations
(see above), inner cortical perfusion did not differ significantly
from the control dogs, that is, it remained practically unaltered,
amounting to 80% of the control dogs. Thus, the reduced RBF
was characterized by a fall in the OC/IC ratio: 59/41 versus
75/25. Data for the undisturbed kidney did not differ signifi-
cantly from control dogs.
In the control series (Table 1), IM led to a sharp decrease in
RBF to 60% of untreated controls. While outer cortical perfu-
sion diminished to 68% of controls, inner cortical perfusion fell
to 38%. OC/IC ratio increased from 75/25 to 85/15, indicating an
outward shifting of the diminished total RBF. In the control
series IA did not cause any significant change in total and zonal
perfusion. Nevertheless, the slight (NS) increase in OC and the
slight (NS) decrease in IC led to a significant increase in the
OC/IC ratio: 81/19 versus 75/25.
In the BUL preparations (Table 2) TM-treatment led to a
further decrease in total and zonal perfusion. Total, outer
cortical and inner cortical blood flow fell to 38, 41, and 33% as
compared to the untreated BUL preparations. Due to a nearly
proportionate decrease in outer and inner cortical perfusion,
there was no significant change in the OC/IC ratio: 74/26 versus
72/28. IA treatment, however, caused a slight insignificant
increase in total and outer cortical perfusion and a highly
significant increase in inner cortical (juxtamedullary) blood
flow, characterized by a sharp decrease in the OC/IC ratio:
61/39 versus 72/28. As a matter of fact, inner cortical perfusion
in the IA-treated BUL preparations did not differ significantly
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from untreated or IA-treated control dogs (Table 1).
In the ligated kidney of the UUL preparations TM caused a
further decrease in total and outer cortical perfusion and a very
pronounced drop in inner cortical perfusion. Total, outer and
inner cortical blood flow amounted to 45, 61, and 22%, respec-
tively, as compared to the untreated UUL preparations. It
should be pointed out that in the untreated UUL preparations
inner cortical perfusion did not differ significantly from un-
treated controls (Table 1). Thus, the OC/IC ratio was aug-
mented from 59/41 (untreated) to 80/20 (TM-treated). On the
other hand, administration of IA did not cause change in total
RBF, and its intrarenal distribution and the OC/IC ratio re-
mained unaltered. In the undisturbed kidney of the UUL
preparations TM and IA influenced renal hemodynamics as they
did in normal control dogs.
Arterial pressure was somewhat increased by IM in controls,
and in both the BUL and UUL preparations; this increase,
however, was significant in the UUL series only, due to a
corresponding increase in total peripheral resistance, In the
BUL group, increased arterial pressure was diminished by
IA-treatment, due to a decrease in both CO and TPR.
Discussion
The various sources of error in estimating zonal blood flows
by the radioactive microsphere technique are summarized in
Aukland's reviews [26, 27]. Recent criticism focuses on the
possible effects of geometric factors and/or axial streaming, as
well as non-size-dependent maldistribution of the spheres.
Despite these critical remarks much evidence has been ac-
cumulated that microsphere distribution gives a fairly reliable
estimate of intrarenal zonal blood flows provided arterial pres-
sure does not change considerably, and there is no extreme
renal vasodilation [28—31].
According to current concepts renal circulation is regulated
by two hormonal systems: Vasoconstriction is mediated by
norepinephrine and/or the renin-angiotensin system (RAS),
while PG-compounds, in particular PGE2, and the kallikrein-
kinin system act as vasodilators. Distribution of blood flow
within the kidney seems to be regulated by the same hormonal
systems. Norepinephrine and angiotensin II decrease RBF, in
particular inner cortical and medullary perfusion, causing an
outward shifting of RBF with an increase in the OC/IC ratio [9,
10, 32]. PGE2 modulates renal vascular resistance by exerting a
vasodilatory effect, especially in the inner cortical zones with a
decrease of the OC/IC ratio [331. Renal vasoconstrictors in-
crease renal PG release [34—36]; PGs function in a modulating
manner to attenuate the vasoconstrictor effects [37, 38].
It has been found recently that different cellular elements in
the kidney may generate other products from the endoperox-
ides: prostacyclin (PGI2), a potent vasodilator, and thrombox-
ane A2 (TXA2), a powerful renal vasoconstrictor; both are
converted very rapidly into stable but biologically inactive
products. Thus, an increase in renal vascular resistance found
in both the BUL and UUL preparations, if related to the
changes in the rate of production of endogenous substances,
implies enhanced synthesis of a vasoconstrictor or suppression
of the basal production of a vasodilator material [14, 22].
Increased production of both PGE2 and TXA2 has been
shown in the perfused hydronephrotic rabbit kidney following
2- to 18-hr UUL [17, 21]. When indomethacin (IM), an inhibitor
of PG cyclooxygenase was administered, the production of both
PGE2 and TXA2 was suspended [19]. When imidazole (IA), a
specific inMbitor of thromboxane synthetase was given, only
TXA2 synthesis was suspended [20].
In the untreated normal canine kidney RBF and its intrarenal
distribution depend on the balance of constrictor and dilatory
influences. IM treatment led to a sharp decrease in RBF, in
particular in the inner cortical zones, speaking strongly in favor
of the assumption that (1) in the normal kidney the dilatory
components of the PG system dominate and, (2) the inner
cortical vessels are much more sensitive to the lack of dilatory
PGs than the outer cortical ones. In the IA-treated normal dog
no significant changes in renal perfusion occurred; the slight
increase in the OC/IC ratio might have been due to some
production of TXA2 even in normal kidneys or of IA exerting a
renal effect independent of PG metabolism.
In the untreated BUL preparations there was a decrease in
RBF with proportionate diminution of zonal perfusions. IM
treatment led to a further proportionate reduction in overall and
zonal perfusions. In IA-treated BUL preparations, however,
the slight, insignificant increase in total and outer cortical
perfusion was associated with a highly significant increase in
inner cortical, that is, juxtamedullary perfusion, with a cor-
responding decrease in the OC/IC ratio. In the IA-treated BUL
preparations inner cortical perfusion did not differ significantly
from untreated or IA-treated controls (Table 1), that is, inner
cortical vasoconstriction due to BUL was blocked by imida-
zole. It follows that vasoconstriction in the outer and inner
cortical layers of BUL preparations was not caused by the same
hormonal factors. In the outer layers vasoconstriction seems to
be due to dominance of various constricting influences, not
balanced by dilatory PG compounds. In the inner layers,
however, TXA2 must be responsible for the pronounced vaso-
constriction. By inhibiting the production of both dilatory
(PGE2) and constrictor (TXA2) PGs by indomethacin, overall
vasoconstriction prevailed. The lack of beneficial effect of TM
and the dilating effect of IA on total RBF in canine BUL
preparations has also been demonstrated by the clearance
technique [23].
In the ligated kidney of the untreated UUL preparations there
was a sharp decrease in total RBF due exclusively to outer
cortical vasoconstriction, while inner cortical perfusion did not
differ significantly from control dogs. The OC/IC ratio de-
creased to 59/41 (vs. 72/28 in controls). TA treatment did not
cause any change in total and zonal perfusion, which presents
evidence against the possible role of TXA2 in outer cortical
vasoconstriction. IM treatment led to an overall constriction of
vessels in all cortical layers, leading to an OC/IC ratio of 80/20.
On the basis of these findings one might suggest that the
functional organization of the kidney after 24-hr BUL and UUL
is as follows. Ureteral ligation leads to enhanced sympathetic
activity and activation of the RAS, resulting in an overall,
predominantly preglomerular vasoconstriction [21, 22, 32, 34,
35, 38]. PG production is increased; PGs are synthetized
primarily in the renal medulla and usually inhibit constrictor
activity in all layers of cortical vessels [16, 17, 351. When
tubular fluid movement is abolished by ureteral ligation, PGs
are not transported to the superficial cortical layers and exert
their influence on inner cortical nephrons whose postglomerular
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vessels reach deep into the medulla. In the UUL preparations
enhanced production of endogenous PG, due to ureteral
obstruction, might be responsible for the maintenance of inner
cortical blood flow [33, 371. In the BUL preparations, however,
TXA2 synthesis is "unmasked" [13—151 and leads to a propor-
tional reduction of blood flow in all layers of cortical vessels.
The inhibition of PG synthesis by IM suspends the dilating
modulator effects; constrictor activities are unchecked and
exert their effect on all layers of cortical vessels [191.
It must be stated, however, that the above interpretation of
our results cannot be regarded as unequivocally proven. There
are other possibilities to be considered. No effect of imidazole
on renal function has been found in rats with unilateral ureteral
obstruction [39] and in unilaterally obstructed dogs in our own
experimental series (Table 3). Imidazole infusion increased
RBF in rats with normal kidneys [40], and we found some
increase in RBF with outward shifting of zonal perfusion in
IA-treated normal dogs (Table 1). Thus, the possibility that IA
acts as a nonspecific vasodilator and that TXA2 is not involved
at all, cannot be excluded.
On the other hand, the improving effect of IA on renal
circulation might be due to some participation of TXA2 in the
renal vasoconstriction in anesthetized, laparotomized dogs in
which elevated PGE levels have been shown [411. It is also
possible that IA exerts its beneficial effect on renal hemody-
namics by increased PGE and TXA2 synthesis at the glomerular
level, as shown in rats with unilateral ureteral ligation [421.
Taking all these possibilities into consideration, we are un-
able to establish with finality whether the observed effects are
specific or nonspecific.
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